Introduction
Although the role of exchange rate in the setup of monetary policy in emerging market is no longer new in the international macroeconomics literatures, it still remains as a hot topic for debates among researchers. The research on the design of monetary policy rule before was based on the case of closed economy. For example, in the simple Taylor rule, interest rate as the policy instrument is a weighted function of inflation and output gap. This rule does not give a direct role to the exchange rate. The closed economy assumes that there is only one price in the market, no influence or shock from the other economies, therefore the closed economy achieves stability condition and welfare maximization and there is no direct role for the exchange rate in the policy reaction function.
However, in the real world, economies are quite open and the exchange rate movements can be matter in the design of monetary policy. Many studies suggest the inclusion of exchange rate term in the policy reaction function and show that exchange rate plays an improving role to the performances of monetary policy rules and enhances higher welfare of agents (for examples Ball (1999) , Batini et.al (2001) and Senay (2001)). Exchange rate contributes to the demand channel through the effects of relative price (foreign and domestic goods) and creates the direct exchange rate channel through the convert of domestic currency prices of foreign produced goods. It affects the aggregate demand for domestic goods (Senay, 2001 ).
Contrary to the above arguments on the role of exchange rate in the open economy framework, Taylor (2001) argues that adding exchange rate into the policy reaction function may induce loss of credibility in targeting inflation. The reasons are: first, exchange rate affects inflation and output in the policy reaction function indirectly; second, giving a direct role to exchange rate in the Taylor rule may add volatility to the monetary policy (Taylor 2001) . Due to the above reasons, it is suggested that the central bank should pay attention at the effects of exchange rate fluctuations on inflation and output gap but on the other hand should not give an independent role for the exchange rate in the policy reaction function (Mishkin (2000) and SchmidtHebbel (2002) ).
This study extends the studies on the role of exchange rate in the monetary policy reaction under the inflation targeting environment in three inflation targeting East Asian countries. It seeks to investigate the relationship of monetary policy and exchange rate from two perspectives: the impulse response of monetary policy to exchange rate shocks and the responses of monetary policy to exchange rate movements. Two approaches are applied in this study, i.e the structural VAR and the single equation of GMM. First, using the structural VAR approach, this study seeks to investigate how the monetary policy responds to the exchange rate disturbances/ shocks before and after the adoption of inflation targeting regime. How large the effect of exchange rate shocks is accounted for in the forecast error variances decomposition for monetary policy as compare to the other shocks? Second, using the single equation of GMM, this study seeks to estimate the coefficients of the policy reaction function with respect to the policy targets such as output gap and inflation as compare to that of exchange rate between the two sub-periods. Through this estimation, one can observe how does the policy react to the exchange rate shocks and movements and how does the reaction change between the two sub-periods.
The main findings of this study are the responses of monetary policy to shocks including the exchange rate shocks have declined in the post-crisis period. At the same time, the price or inflation shocks can explain higher forecast errors of monetary policy relative to other shocks. The policy makers in these countries react differently to exchange rate movements and inflation variable. With the exception of Thailand, the policy reaction functions in Korea and Philippines do not react significantly to the exchange rate movements in the two sub-periods. Although these countries have implemented the inflation targeting after the financial crisis, only Thailand shows a significant reaction of monetary policy to the inflation variable. The policy maker in Philippines pays higher concerns on output gap stability after the crisis.
The remainder of the paper proceeds as follows. Section two reviews the literature on the relationship between monetary policy and the exchange rate. Section three is about the data. Section four discusses the methodologies. Section five discusses the results. Section six concludes.
2
The issue of exchange rate in emerging countries -some reviews
There are numerous empirical studies that investigate the relationship between monetary policy and exchange rate. In general, the main literatures that address the relationship between the exchange rate and the monetary policy can be divided into three categories. The first category examines the exchange rate pass-through in the inflation targeting emerging markets. The second category investigates and compares the results of the volatility of exchange rate in inflation targeting and non inflation targeting countries. The third category examines the responses of the monetary policy to the exchange rate movements.
The research in the exchange rate pass-through shows that exchange rate and monetary policy are correlated to each other. Many studies show that exchange rate pass-through in emerging countries is higher than that in the developed countries. Therefore, it is argued that emerging countries face higher difficulties in their efforts to target at low inflation rate and maintain price stability (Minella et.al, 2003 , Fraga, 2003 and Nogueira Junior, 2007 . However, a number of studies show that the passthrough rate has declined in many countries and researchers have different explanations for that. One of the famous explanations is that the low pass-through rate correlates with low inflation rate as a consequence of strong commitment towards price stability by Taylor (2000) . The view of Taylor is supported by many empirical studies such as Edwards (2006) , Gagnon and Ihrig (2004) and Nogueira Junior (2007) .
The inter-relationship between exchange rate and monetary policy can also be captured through the exchange rate volatility. Emerging countries tend to pay greater concerns on achieving the exchange rate stability than that of advanced countries do as they have lower credibility to control the low inflation rate. According to Mishkin & Savastano (2001) , the inflation targeters should float the exchange rate for better functioning of the inflation targeting regime. This requirement can be explained by the theory of 'Impossibility of the Holy Trinity' where the capital mobility and the monetary policy independence cannot be achieved under the pegged or fixed exchange rate regime. Controlling the exchange rate movements may generate two risks, i.e the risk of transforming the exchange rate into a nominal anchor that takes over the inflation target and the risk where the movements of exchange rate may depend on the nature of shocks (Mishkin, 2004) . Therefore arguably, the inflation targeting countries may experience higher exchange rate volatility. However, some empirical studies show that this condition may not hold (for example, Edwards (2006) ).
The role of exchange rate in the design of monetary policy rules is another way to study the relationship of exchange rate and monetary policy. The results from the empirical studies are quite controversial. By estimating the Taylor rule type policy rules, Mohanty & Klau (2004) show that in most of the emerging countries, the monetary policy responds to exchange rate strongly. Frömmel & Schobert (2006) estimate the simple Taylor type policy rules for six Central and Eastern European countries. They find that exchange rate plays an important role in the monetary policy during the fixed exchange rate regimes periods. However, the influence disappears after these countries have moved to the flexible regimes. On the other hand, Osawa (2006) in his study on three Asian inflation targeting countries finds no evidence of monetary policy response to the exchange rate. He argues that the reason for this difference result is because the existing studies do not consider structural breaks of data in their estimations. Besides, including the crisis period in the sample of estimation may overestimate the response of monetary policy to exchange rate.
Exchange rate regimes and monetary policy in Asian
The financial crisis of 1997 and 1998 in East Asian countries totally changed the monetary policies and exchange rate regimes in these countries. According to the International Monetary Financial (IMF) classifications, Korea has moved from managed floating to independently floating regime after the crisis. Thailand on the other hand, has moved from pegged exchange rate to managed floating regime while Philippines remains the same regime as independently floating after the crisis (see
TableI(1)).
The move from rigidity to more flexible regimes give some effects on the volatility of the exchange rate, foreign exchange reserves and the interest rate (see table below ). In general, the change in the regimes leads to higher fluctuations in exchange rate in three Asian countries in this study. However, the foreign exchange reserves and interest rate have declined in all three countries after the crisis. Osawa (2006) Besides moving to the more flexible exchange rate regimes, these Asian countries also alter their monetary policy and adopt the inflation targeting regime after the financial crisis of 1997. Korea was the first country in East Asian that has adopted the inflation targeting regime, i.e in April 1998. Thailand followed the step in May 2000 and later Philippines in January 2002 (Osawa, 2006) . For more detail on the monetary policy framework in these countries, see Table I (1).
Data
This study focuses on the three crisis-hit Asian countries that have moved from the rigid exchange rate regime to the flexible one and inflation targeting regime after the crisis namely Korea, Philippines and Thailand. These countries have adopted the inflation targeting regime at different time. This study uses two sets of data. The first set of data is used to estimate the system equation of SVAR models while the second set of data is used to estimate the GMM single equation models. The data are in monthly and are obtained from the International Financial Statistics (IFS), IMF. The first set of data consists of money demand or M1 (M), bilateral nominal national local currency per USD exchange rate (EX), consumer price index (CPI), industrial/ manufacturing production index (IP), the oil price of the world (OIL), money market rate or short-term interest rate (I) and Federal Fund rate (FFR). All the series are in logarithm form except the interest rate. The construction of the data and the representation of the variables are explained in appendix I, Table I (2a) . All the data are tested with unit-root tests and are transformed to the stationary data before conducting the estimations (see Table I (3), Appendix I).
The second set of the data consist of short term interest rate (I), output gap (GAP), annually inflation rate (PI) and the growth rate of exchange rate (see Table I (2b) in Appendix I) . The output gap is defined as the deviation of log industrial production index from its HP filtered trend series. The annual rate of inflation is constructed as the log current CPI deviates from the log 12th lagged of CPI. The change in exchange rate is constructed as the log differenced of exchange rate series from its one lagged term.
The single equation approach of GMM is applied using the second data set and periods as defined above. However, due to the data availability problem and the structure of system equation, the estimation of SVAR model may take a slightly different time paths defined above (refer Table I (4), Appendix I).
Methodology
This study applies two different approaches namely structural VAR and single equation based on Generalized Methods of Moment (GMM). Using the structural VAR approach, this paper seeks to investigate the effects of exchange rate shocks to monetary policy. In the second part, a single equation based on GMM is used to estimate the responses of policy reaction function to exchange rate movements.
SVAR
This study takes the ideas and modifies the structural VAR model that identifies the exogenous policy shocks and policy reaction functions as in Kim (2003) and Kim & Roubini (2000) . Following Kim (2003) and Kim & Roubini (2000) , the economy can be described as:
G(L) represents a matrix in the lag operator L, t y is the (n x 1) vector and t e is an n x 1 disturbance vector with var( t e )= Λ and Λ is a diagonal matrix. The general reduced form of VAR equation takes the form of: As discussed in Kim (2003) , there are different ways to recover the parameters in the structural form equation from the reduced form equation. One of the methods is the so-called generalized method. This method put restrictions on the contemporaneous structural parameters and allows non-recursive structures.
and Σ contains n(n+1)/2 parameters, we need at least n(n-1)/2 restrictions on 0 G (for further detailed explanations, see Kim (2003) Kim & Roubini (2000) , FFR and OIL have the function of isolating 'exogenous' monetary changes. As discussed in Kim & Roubini (2000) , the recession and price inflation in the economy can be due to the monetary contraction and original supply shocks. Therefore, in order to identify the shock due to the monetary policy alone, the oil price index is used as a proxy for inflationary supply shocks. FFR is used to control for the component of domestic monetary policy that react to the foreign monetary policy shocks. Finally, nominal exchange rate is used as to investigate the reaction of monetary policy to the exchange rate shocks in the small open economies.
As in Kim & Roubini (2000) , the restrictions on the contemporaneous structural parameters can be written as follows 
where G represents the values of non-restrictions; zero restrictions are assigned on the contemporaneous structural parameters. The structural disturbances (left hand side) represent the shocks of interest rate, money aggregate, consumer price index, output, oil price, foreign monetary policy and exchange rate respectively. The 'u' terms in the right hand side are the residuals in the reduced form which can be interpreted as unexpected movements of variables in the system equation.
Apart from the original restriction used by Kim & Roubini (2000) that apply to the G-7 countries, this study modifies the restriction on the monetary policy reaction function. In this study, the monetary policy reaction function is assumed to follow the Taylor rule type equation i.e the interest rate reacts to CPI (price level), IP (output) and EX (exchange rate). As in Kim & Roubini (2000) , the exchange rate and the oil price variables are included in the monetary reaction function in order to control the current responses of monetary policy to the state of the economy.
Apart from this, the second reason to include the exchange rate terms in the policy reaction function is to capture the reaction of interest rate (monetary policy) to this variable over time in the small open economies environment. In order to investigate how significant the role of exchange rate in the monetary policy, I first allow the interest rate policy reacts to the exchange rate (model I) and later restrict the reaction to zero (model II), i.e B(1,7)=0.
The other six equations follow the restriction or identification as in Kim & Roubini (2000) . The second equation is the money demand function that depends on the real income (CPI and IP) and the opportunity cost of holding money (nominal interest rate). The third equation is the CPI inflation equation that assumed to respond to the output and inflationary pressure of the world's oil price. The output is a function of inflationary pressure of oil price variable. Following Kim & Roubini (2000) , the oil price is assumed to affect prices and the real sector contemporaneously. The foreign monetary policy reacts to the oil inflationary pressure shocks. The exchange rate equation represents the financial market equilibrium and receives the contemporaneous effects of all variables in this model. (2000), the first two equations represent the money market equilibrium, the third and forth equations describe the domestic goods market equilibrium, the fifth and sixth equations as exogenous shocks from the foreign countries and the last equation describes the exchange rate market.
As explained in Kim& Roubini

Generalized Methods of Moment -Monetary policy reaction function
In the second approach, this study applies Generalized Methods of Moment models in estimating the monetary policy reaction function. Following Mohanty and Klau (2005) and Osawa (2006) , the monetary policy reaction function takes the form of:
where i is the interest rate policy reaction function; π is the inflation rate target and GAP is the output gap target; E is the log exchange rate target and ∆ denotes the first differenced operator. The lag term of interest rate acts as the smoothing term. As discussed in Osawa (2006) , 1 α >1 indicates that the central bank attempts to stabilize the inflation. If 1 α <1, the increase in nominal interest rate may is lower than the real interest rate to fully offset the increase in the inflation shocks. According to Mohanty and Klau (2004), 3 α >0 and 4 α ><0. 4 α can be positive or negative because the exchange rate is assumed to be mean reverting 5 .
Equation (4) is the policy reaction function which reacts to exchange rate movements but equation (5) does not. Both policy reaction functions are estimated separately using the data of two sub-periods for the three inflation targeting Asian countries 6 .
Results
Results -SVAR
The results of SVAR are based on the contemporaneous coefficients in the SVAR models, the impulse response functions and the forecast error variance decompositions. The results give us the effects of disturbances or economic shocks on the variables in the system and the reactions of variables to shocks. The following discussions are based on the results of the coefficients of SVAR, impulse response functions and forecast error variance decompositions. As discussed above, the results of including and excluding the exchange rate term in the model do not change very much, this paper only displays the results that include the exchange rate term (model I) with the exception of Korea in period I.
The results of SVAR are checked with diagnostic tests, i.e the tests for autocorrelation, conditional heteroskedasticity and non-normality (see Table I (4), Appendix I). In most cases, the tests are not able to reject the hypothesis of no autocorrelation, no heteroskedasticity and non-normality at 5% significant level. The presence of non-normality may due to the unavoidable very short series of data used in the analysis. Table ( ii) below summarizes the results of estimated coefficients. Consistent to the results reported in Kim & Roubini (2000) , the estimated values of G13, G14, G15 and G17 are negative in most cases, implying a contractionary policy in response to the inflationary pressures. The coefficient for G13 is larger relative to the other coefficients, implying that the central banks in these countries are concerned about the inflation or price stability. On the other hand, the estimated coefficient of G17 is relatively smaller (with the exception of Thailand), implying that the reaction of policy reaction function to exchange rate is relatively small. In Thailand, the policy reaction function is strongly impacted by the exchange rate shocks. In all cases, the likelihood ratio test show that the identifying restrictions are not significant at the significant level. The results of the impulse response functions (IRF) for model I are summarized in Appendix II. The middle line represents the responses while the upper and lower dashed lines are two standard error bands. In general, the reactions of the domestic variables to a one percent monetary policy shock are consistent as predicted by the economic theory. The monetary policy interest rate shock leads to the increase in interest rate, but the decline in M1, CPI and appreciation in the exchange rate.
Apart from the effects of monetary policy shock, the reactions of monetary policy interest rate to domestic shocks are also observed and summarized in Table II (3, Appendix II) . The increase in CPI (demand shock) and output growth (supply shock) as well as the depreciation in the exchange rate (exchange rate shock) lead to the increase in the interest rate. In the case of period II in Korea, the increase in the interest rate is followed by its decline afterwards. In Thailand, the increase in output growth does not followed by the tightened in interest rate. Table ( iii) below reports the results of numerical values of impulse response functions of monetary policy interest rate to the inflation, output growth and exchange rate shocks. In general, the magnitude of the change in the policy reaction in response to the domestic shocks (CPI, output and exchange rate) has declined after the financial crisis of 1997. These results do not necessary mean that the policy reaction functions in these countries do not react to these three shocks but it could be due to the declined on the effects of the shocks or lower persistency of shocks in period II (after the recovering from the crisis). The maximum effects of shocks (in percentage) are obtained from FEVD generated by running the SVAR models.
Although the effects of these three shocks have declined over time, the results of the forecast error variance decomposition (FEVD) show that the maximum explanatory power of CPI or inflation shock on the forecast errors variance of the policy reaction function in these three Asian countries has increased after the adoption of inflation targeting (see Table ( iv) ). This implies greater concerns from the authorities on price stability. On the other hand, the maximum determination power of exchange rate on policy reaction function remains low in Korea and Philippines but increases sharply in Thailand from at most 3% to at most 43% or at a mode of 24% in period II. Thailand adopted the fixed exchange rate before the financial crisis of 1997-98 but has switched to the floating regime and inflation targeting after the financial crisis. The switch from the fixed regime to the flexible one means exchange rate is allowed to fluctuate freely which generates higher volatility in the exchange rate movement or greater exchange rate shocks.
Results -GMM
Using the Generalized Methods of Moment approach, equation (4) and (5) are estimated for the two sub-periods. The instruments variables consist of one to four lags of output gap, inflation, interest rate and nominal exchange rate 7 . Therefore, the number of overidentifying restrictions for equation (4) and equation (5) are 12 and 14 respectively. The chi-square of overidenfying restrictions at 5% significant level are 21.0 and 23.7 respectively. In all cases, the sizes of sample (adjusted for the degree of freedom) multiply with J values are smaller than the values of chi-square, i.e the overidentifying restrictions cannot reject at the 5% significant level. The results are summarized in Table ( v) and (iv) below. The results of GMM give us the ideas on how the policy functions react to the economic variables over time. As in the SVAR approach, excluding the exchange rate term in the policy reaction function does not change much the results. On the other hand, the policy reaction functions in all the three countries react significantly to the interest rate smoothing term.
Table (iv) summarizes the results of policy reaction coefficients. It is observed that
Thailand is the only country where the monetary policy reacts to exchange rate (EX) in the pre-and post-crisis periods. Thailand is also the only country that follows the Taylor Principle, i.e the long-run coefficient for the policy responds to inflation ( )
The central bank in Thailand raises the real interest rate higher than the nominal interest rate in response to the increase in inflation rate. The policy reaction functions in other two countries namely Korea and Philippines do not react significantly to the exchange rate (EX).
Comparing the results before and after the crisis, it is observed that the policy reaction equation of (4) and (5) fit the data very well in the post-crisis period or after the implementation of inflation targeting regime where short-term interest rate is used as the policy instrument. Before the implementation of inflation targeting regime, the equations fit badly the data in Philippines. The results also show that the policy makers react differently to inflation. The policy makers in Korea and Thailand are concerned about the inflation or price stability. Philippines although has implemented the inflation targeting regime, the policy reaction function in Philippines does not react significantly to inflation but reacts strongly to the output gap in period II. In Korea, the policy reaction function reacts significantly to inflation in both subperiods. However, the coefficient of inflation in the policy reaction function is very small and closed to zero in period II. The same results also reported in Osawa (2006) . According to Osawa (2006) , the low response of BOK to inflation does not necessarily imply the failure of the inflation targeting regime in Korea but it can be interpreted as the achievement of low inflation in Korea induced by the inflation targeting regime. Hence there is low response of monetary policy to inflation in Korea in period II. This condition can be observed from the line graph. Figure (i) show the line graphs of short-term interest rate and annually inflation rate for these three countries. As observed in Korea, the inflation rate is lower and more stable in period II. The interest rate in period II is constant in responds to lower inflation environment. In Thailand, there is a co-movement of inflation and interest rate and inflation rate gains stability after the implementation of inflation targeting regime. In Philippines, the interest rate does not react accordingly to control the fluctuations in inflation rate. There is no significant improvement in the inflation rate. Table ( vi) shows the estimated results of policy reaction functions that exclude the exchange rate terms. Excluding the exchange rate terms in the policy reaction function does not affect the policy reactions to other variables in the equation in all cases. Excluding the exchange rate term (EX) in the policy reaction function even generates higher R-square and lower standard error in Korea and Philippines. On the other hand, since the monetary policy in Thailand reacts to exchange rate term (EX) strongly in period I, excluding the exchange rate term in the policy reaction function gives lower R-square and higher standard error in period I. However, excluding the exchange rate term in period II in Thailand generates better fit of data. In general, the results of GMM are consistent to the results of SVAR, i.e the policy reaction functions in Korea and Philippines do not react significantly to exchange rate directly in both sub-periods and there is a strong response of policy reaction function in Thailand to exchange rate movements in the pre-crisis period. 
Conclusions
Economists and researchers have different opinions on the role of exchange rate in the design of monetary policy in emerging market. The move from rigidity to flexible exchange rate regime and inflation targeting induce more debates on the relationship between monetary policy and exchange rate. Researchers have different explanation on the decline of the degree of pass-through and the lower relationship between the monetary policy and exchange rate variables under the inflation targeting environment. While some researchers explain this as the contribution of the positive effects of inflation targeting, others refer this as the result of foreign exchange intervention. They argue that the lower correlation between monetary policy and exchange rate variables does not mean that there is no role for exchange rate in the design of policy rule but this may due to the intervention activity.
Applying a structural VAR and GMM approaches, this study seeks to find out the answer on the relationship of monetary policy and exchange rate in three East Asian countries that have moved to the inflation targeting regime after the financial crisis of 1997-98. In particular, this study seeks to compare the result before and after the change to a more flexible exchange rate regime and the adoption of inflation targeting regime. Applying the SVAR approach to investigate the response of policy reaction function to exchange rate shock, the results of impulse response functions show that the responses of interest rate to domestic variables shocks (as well as exchange rate shock) have declined. Although the price level is less volatile and more stable (as well as other variables), the relative explanatory power of CPI shock on monetary policy has increased after the adoption of inflation targeting regime. The explanatory power of exchange rate shock on the other hand, remains low in two out of three countries in this study.
Consistent to the results reported in SVAR models, the results of GMM show that the policy reaction function of two East Asian countries react weakly to the exchange rate movements. In both approaches, excluding the exchange rate term in the policy reaction function does not generate large changes in the policy reaction function. This is because the policy function does not show a significant response to the exchange rate movement directly. However, this does not mean that the exchange rate does not play a role in the monetary policy in these countries. The exchange rate may influence the movements of policy reaction function indirectly through its effects on the domestic variables such as inflation and output gap. On the other hand, the central bank may react to the exchange rate movements through intervention in the foreign exchange market as argued in many studies (for example Osawa (2006) , Disyatat & Galati (2005) ). The questions of whether the authorities of these countries react to exchange rate through the intervention in the foreign exchange market and that including the exchange rate terms directly in the policy reaction function is welfare improving for the inflation targeting small open economy remains for future research. The upper numbers are the t-statistics and the parentheses values are the p-values. Most of the numbers are not significant at 5% level and cannot reject the null hypothesis of no autocorrelation, normality and no conditional heteroskedasticity with the exception of Philippines due to short series. C denotes the constant, S is seasonal dummies and T is trend.
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